Direct solar heat gain (hereafter DSHG) is expected to decrease heating energy consumption of housings with airtightness and thick insulation in northern region. It is important to calculate precise solar heat gain through window since the values influence on the strategy whether we should use DSHG or not. In this report we suggest the method to calculate solar radiation in a site where build a building. Then the relationship between thermal environment and heating energy is analyzed by using the climate data combined with GIS data. The results identify that southern sky factor is able to explain an effect of DSHG.
Direct Solar Heat Gain (DSHG) is effective to decrease heating energy in those housings. In this paper, 1st; we made the method to make the climate data by orthographic image generated by GIS. 2nd; The accuracy and the usability of the method was identified. 3rd; The thermal environments in the model were calculated by using EnergyPlus with the climate data combined with GIS data. 4th; Finally, we found that Rss (sky factor on south side) is useful for investigating the effect of DSHG.
Calculation process of solar radiation
Recently, GIS has been developing. GIAJ uploads the GIS data on the web. Moreover, the prefectural government has the GIS data with the attribution of each building. In this paper, we used those data to make orthographic image at each site. The procedure of the calculation is as follows. 1st; Production of the orthographic image of the site by using GIS data is conducted. 2nd; The direct normal solar radiation and horizontal sky radiation is calculated. The direct normal solar radiation (Idn') is Idn' = 0, when the solar position on the image is covered with the obstruction in the image. The horizontal sky radiation (Ish') is calculated Ish multiplied by Sky factor obtained by using the image. Idn and Ish are direct normal solar radiation and horizontal sky radiation, respectively. 3rd; The thermal environment by using the climate data of the site is calculated.
Analysis on heat gain
The numerical simulation for DSHG was conducted by using the climate data with the GIS data. Fig. 10 shows the temperature and the heating energy on 17/1. Although, the window area is larger, the heating energy is bigger at site A (RS (sky factor) is 0.25.), the order of the heating energy at site B (Rs is 0.77) is the case with window A > the case with window C > the case with window B. Then, generally, the larger window size means bigger heat loss. But the solar radiation through large window heat up room. It decreases the heating energy. However, the result indicated that the heat loss on the window is bigger than the heat gain with wider window area than the criteria, because the heating energy with window C is bigger than that with window B.
Numerical Analysis and Conclusion
We suggested Rss as the criteria of DSHG in this report. The relationship between Rss and heating energy was analyzed. Fig. 12 shows the relationship between Rs, Rss and heating energy, respectively. The correlation coefficients of Rss are about 0.2 higher than that of Rs. It identified that Rss is suit for the criteria of DSHG. Fig. 13 shows the relationships between Rss and heating energy with some window that have different thermal performance (U-value and solar transmission). Although, the approximation lines are located with the order of window size (the size of the window is smaller, the heating energy is lower) in the case with FF and EE, the lines have the intersection points in the case with EFF and EEF at Rss = 0.9. It indicates that the effect of DSHG on heating energy is appeared at the site where Rss > 0.9. However, the approximate line in the case with window C is higher than that in case with window B.
There is the window area that minimize the heating energy. 
